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© A method and apparatus for measuring blood 
glucose concentration by irraditing blood vessels 
with electromagnetic radiation using near-infrared ra- 
diation diffuse-reflection laser spectroscopy. This in- 
vention uses electromagnetic radiation of a 
wavelength that is transmitted through the skin to the 
measurement part, for example, a blood vessel. 
Since skin is mostly composed of water (H20), 
which absorbs IR radiation in nearly the entire IR 
spectral range, only radiation of a certain, narrow 
protion of the IR spectral range called the "water 
transmission window" is transmitted through the 
skin. The present invention uses electromagnetic 
radiation with a wavelength of 1.3um-1.9u>m radi- 
ation from a semiconductor diode laser (5). When 
electromagnetic radiation of these wavelengths irra- 
diates the skin, light is transmitted through the skin 
to the blood vessel where the light interacts with the 
heterogeneous components of the blood. The light 
which reaches the blood is then diffusely reflected 
by the blood. The reflected light will have been 
modulated by the characteristic vibrations of the 
molecules which are major components of blood. 
The reflected light is detected and provided as a 
digital signal to a one-chip microcomputer (2). The 

one-chip microcomputer (2) calculates a blood glu- 
cose concentration from the digital signal by refer- 
ence to a calibration curve stored in the memory of 
the one-chip microcomputer (2). The one-chip micro- 
computer (2) causes the calculated blood glucose 
concentration to be displayed on a digital display 
(3). 
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A NON-INVASIVE METHOD AND APPARATUS FOR MEASURING BLOOD CHEMICAL CONCENTRATION 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 5 

The present invention relates to a method and 
apparatus for measuring blood chemical concentra- 
tion, and more particularly, to a non-invasive tech- 
nique for measuring eg blood glucose concentra- JO 
tion using near-infrared radiation diffuse-reflection 
laser spectroscopy. 

PRIOR ART is 

Generally, diabetics measure blood glucose 
concentration two to eight times daily using a por- 
table measurement apparatus consisting of an in- 
jector (to obtain a blood sample) and test paper (to 20 
measure the amount of glucose in the blood). This 
is known as the "enzymatic" method or test. 

The enzymatic test for glucose concentration is 
undesirable both because it requires that blood be 
drawn and because it is expensive. Less expensive 25 
techniques based on test paper have been intro- 
duced, but they are less accurate and still require 
that blood be drawn. Accordingly, research has 
been conducted to address these problems. 

It is desired to provide a method for measuring 30 
blood glucose concentration that is accurate and 
does not require the drawing of blood. 

Therefore, it is an object of the present inven- 
tion is to provide a non-invasive technique for mea- 
suring blood glucose concentration, that is to elimi- 35 
nate the need for drawing blood for this measure- 
ment. 

A further object of the present invention is to 
provide a convenient, inexpensive, portable, easy- 
to-use apparatus for measuring blood glucose con- AO 
centration. 

SUMMARY OF THE INVENTION 

The present invention is based on near-infrared 
radiation . diffuse-reflection laser spectroscopy 
which measures blood glucose concentration by 
irradiating blood vessels with harmless electromag- 
netic radiation. This invention uses electromagnetic 
radiation of a wavelength that is transmitted 
through the skin to the measurement part, for ex- 
ample, a blood vessel. Since skin is mostly com- 
posed of water (H20), which absorbs IR radiation in 

nearly the entire IR spectral range, only radiation of 
a certain, narrow portion of the IR spectral range 
called the "water transmission window" will be 
transmitted through the skin. 

Until recently, the water transmission window 
was thougth to only include wavelengths between 

-3-5um. However, according to investigations by 
the present inventors, the wavelengths which is 
able to reach a blood vessel through the water 
transmission window includes wavelengths between 
1.3-1.9um. 

Accordingly, the present invention uses elec- 
tromagnetic radiation with a wavelength of 
1.3jxm~1.9u,m radiation from a semiconductor di- 
ode laser. When electromagnetic radiation of these 
wavelengths irradiates the skin, ligth is transmitted 
through the skin to the blood vessel where the light 
interacts with the heterogeneous components of 
the blood. The light which reaches the blood is 
then diffusely reflected by the blood. The reflected 
light will have been modulated by the characteristic 
vibrations of the molecules which are major com- 
ponents of blood. 

In the present invention, the diffusely reflected 
light described above is integrated by an integrat- 
ing sphere. The photons (hv) integrated as de- 
scribed above, are converted into an electrical 
measurement value by a detector, and that value is 
supplied to a processing means, such as a one- 
chip microcomputer. The one-chip microcomputer 
calculates the blood glucose concentration using 
an accurate calibration method. Near-infrared radi- 
ation Is defined in the present invention (in accor- 
dance with the International Union of Pure and 
Applied Chemistry (IUPAC) definition) as follows; 
frequency of about 1013~3.75x10uHz; energy of 
about 0.951 -35.8(Kcal/mol),0.0412-1.55eV; 
wavelength of about 0.8-30ttm. The present inven- 
tion is based on physical and chemical principles 
describing the vibrational motion of the blood glu- 
cose molecules as measured with near-infrared ra- 
diation diffuse-reflection laser spectroscopy. Such 
vibrational motion includes both rotational and tran- 
slational motion, and includes overtone vibrations 

45 and combination vibrations. Of these vibrations, the 
overtone vibrations are dominant. 

The analysis method incorporated in the 
present invention includes a mathematical model 
based on multiple linear regression analysis and 

50 multivariate analysis as modified by the present 
inventors to determine the blood glucose concen- 
tration. 

The present invention provides a method and 
apparatus for measuring blood glucose concentra- 
tion, which has the advantage of ease of use and 
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minimal expense for patients. The present inven- 
tion has no consumable parts and is portable, 
allowing easy out-of-home testing. The present in- 
vention is more convenient than the prior art tech- 
niques. Also, this invention does not present the 
possible physical damage associated with the long- 
term use of syringes. 

The measurement apparatus of the present in- 
vention can measure blood glucose concentration 
in a short time and unobtrusively. Therefore, the 
prior art techniques, with their inconvenience and 
expense are rendered obsolete. 

The object and other objects of the present 
invention are achieved by measuring blood glucose 
concentration in a non-invasive technique, where: 
a power source, for example, a battery is supplied 
to a one-chip microcomputer, a digtal display, a 
laser diode power supply, a detector (as needed), 
and an optical unit (as needed) by means of a 
power switch. The one-chip microcomputer con- 
trols the laser diode power supply so that it gradu- 
ally applies current at a stable voltage and tem- 
perature to the laser diode, which emits the neces- 
sary wavelengths of radiation by means of a 
start/reset switch. The one-chip microcomputer is 
operated so that the D/A converter controlled by 
said one-chip microcomputer and driving said laser 
dioed power supply converts a digital control signal 
into an analog control signal. 

Thus, the laser diode power supply causes the 
laser diode to emit a wavelength suitable for mea- 
surement. The light from said laser diode is col- 
limated, or otherwise optically controlled, separated 
and combined. The optically controlled light is 
used to irradiate the skin adjacent to a blood ves- 
sel. The light absorbed, dispersed and diffusely 
reflected by the blood back through the skin is 
integrated by an integrating sphere. The photons 
collected by the integrating sphere are converted 

. into an analog electrical signal with a detector. The 
analog electrical signal is transmitted to a pream- 
plifier where the analog electrical signal is am- 
plified. The amplified analog electrical signal Is 
provided to an analog to digital (A/D) converter that 
converts the amplified analog electrical signal to a 
corresponding digital signal and outputs the digital 
signal to a one-chip microcomputer. The one-chip 
microcomputer calculates a blood glucose concen- 
tration from the digital signal by reference to a 
calibration curve stored in the memory of the one- 
chip microcomputer. The one-chip microcomputer 
causes the calculated blood glucose concentration 
to be displayed on a digital display. 

An apparatus for measuring blood glucose con- 
centration using a non-invasive technique accord- 
ing to the present invention comprises: one-chip 
microcomputer which controls the laser diode pow- 
er supply so that current is gradually applied to a 

laser diode at a stable voltage and temperature. 
The one-chip microcomputer calculates the blood 
glucose concentration by comparing a detected 
value with a calibration curve stroed in memory of 

5 the one-chip microcomputer. A D/A converter con- 
verts the digital control signal output from said one- 
chip microcomputer into an analog control signal 
for control of the laser diode power supply that 
supplies power to the laser diode. The laser diode 

io is a light source for the blood glucose concentra- 
tion measurement. There may be a plurality of 
laser diodes for emitting light of different 
wavelengths or for emitting light of like wavelengths 
in accordance with the current supplied from the 

75 laser diode power supply. A temperature controller 
for controlling the temperature of the laser diode is 
connected between the laser diode power supply 
and the laser diode. An optical unit collimates the 
light emitted from the laser diode, or optically con- 

20 trols, separates and combines the light from the 
laser diode. An integrating sphere integrates the 
light dispersed and diffusely reflected from the 
blood when the blood is illuminated through the 
skin by light from the optical unit. A detector for 

25 converts the photons collected by the integrating 
sphere into an analog electrical value which is then 
amplified in the preamplifier. An A/D converter con- 
verts the electrical analog measurement value into 
a digital value. A digital display displays the blood 

30 glucose concentration calculated by the one-chip 
microcomputer. 

BRIEF DESCRIPTION OF THE DRAWINGS 
35 

These and other objects and features of the 
present invention will be understood through the 
various embodiments by reference to the accom- 

40    panying drawings in which: 
Figure 1 is a block diagram showing an appara- 
tus for measuring blood glucose concentration 
according to the present invention; and 
Figure 2 is a detailed circuit diagram showing 

45       the apparatus for Figure 1. 

DETAILED DESCRIPTION OF THE INVENTION 

50 
A preferred embodiment of a measurement 

apparatus according to the present invention will be 
described hereinafter with reference to the accom- 
panying drawings. 

55 Referring to Figure 1, when a power switch 1 is 
switched ON, a power is supplied from the battery 
(generally 4.5-9V and is suited to a charging bat- 
tery of 6V among other possibilities) to a one-chip 
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microcomputer 2. At the same time, the power 
source is supplied to a digital 3, a laser diode 
power supply 4, and optical unit 6 (as needed). 

If the start/reset switch 8 is then switched ON, 
the laser diode power supply 4 supplies the laser 
diode 5 with power in accordance with the control 
signal supplied by the one-chip microcomputer 2. 
As a result, the laser diode current gradually in- 
creases if the current exceeds the threshold current 
(approximately 20mA). Thus, laser diode 5 starts 
emitting light 

The laser diode 5 emits light (for example, light 
having a wavelength of 1.3um~1.9iim, and light 
having a wavelength of 1.4um~1.8um, among oth- 
ers), of a wavelength necessary for blood glucose 
concentration measurement. This wavelength is 
achieved by gradually increasing the current sup- 
plied with in the range of approximately 20-200mA 
at a stable voltage and temperature in accordance 
with the characteristics of the laser diode. In the 
present invention, the laser diode 5 is composed of 
between 1 and 30 diodes, and each may emit light 
of a different wavelength, or each may emit light of 
the same wavelength. 

The light emitted from the collective diodes in 
the laser diode 5 may be simultaneously emitted 
by.the diodes or sequentially emitted by each 
diode. In case of simultaneous operation, length 
will be selected, for example, using the Fourier 
Transform. 

The light outputted from the collective diodes 
of the laser diode 5 is supplied to an optical unit 6, 
and collimated, or the light is optically controlled, 
separated and combined. Thereafter, the light is 
passed through an integrating sphere 9 and divided 
in one or more directions. 

The light which passes through the integrating 
sphere 9 is successively irradiated to the skin of a 
subject, or is successively irradiated to a reference 
port which was ready beforehand as the case may 
be. Here, the reference port is not necessarily 
needed. 

The light absorbed, dispersed and diffusely 
reflected from the blood is detected by a detector 
7 after being integrated by means of the integrating 
sphere 9. The integrating sphere is of a globular or- 
like shape. Here, the size of integrating sphere 9, 
which is integrated with light dispersed and re- 
flected from the blood, has a width, length and 
height under 2.56cm, and is suitable for under 
1.28cm, and more particularly, is suitable for under 
0.64cm. 

An electrical analog measurement value de- 
tected as above described is amplified by a pream- 
plifier connected to the detector 7. Thereafter, the 
electrical analog measurement value is converted 
into a digital measurement value by means of an 
A/D converter 11. 

Next, the one-chip microcomputer 2 calculates 
and computes the measured value by comparing 
the signal converted into a digital measurment val- 
ue by the A/D converter 11 with a calibration curve 

5 stored in memory of the one-chip microcomputer 
2. The resultant value is displayed on the digital 
display 3. 

The dimensions of the above-described ap- 
paratus   may   be:   width x length x height under 

TO 170mm x80mm x25mm, and is suitable for under 
I50mmx75mmx22mm, among others, and more 
particularly, is suitable for under 
130mmx70mmx20mm. 

A photo diode is suitable as the detector 7 and 
75 . may be a Ge detector, and more particularly, may 

be a Ge detector connected to a preamplifier. 
Moreover, the optical unit 6 is composed of com- 
ponents which constitute a light which has a diam- 
eter under 0.5~5mm (under 2mm among others) in 

20    order to condense and diffuse the light in parallel. 
Furthermore, the present invention is not limit- 

ed to an integrating sphere 9 having a globular or 
like shape, but it may also be of an oval or a halfr 
oval or different shape. 

25 In the present invention, the port can be sepa- 
rated from the above measurement apparatus. In 
this case, the light emitted from the laser diode 5 
can be transmitted to the port through the optic 
fiber, and the distance between the port and the 

30    measurement apparatus is 100-1,000mm and is 
suitable for 500mm among others, and more par- 
ticularly, may be 300mm. Of course, the port can- 
not be separated from the measurement apparatus. 

The present invention is not limited for one- 
35    chip microcomputer 2 separated from the D/A con- 

verter 10 and the A/D converter 11, but can also be 
a one-chip microcomputer 2 which is included in 
the D/A converter 10 and the A/D converter 11. 

Moreover, in the present invention, it can be 
40 used with auxiliary circuit 12 which is composed of 

RAM 12i and EPROM 122 in order to aid an 
operation of one-chip microcomputer 2. 

The present invention is not limited for the 
measurement of blood glucose concentration and, 

45 for example, can be applied to a measurement of a 
cholesterol concentration or an alcohol concentra- 
tion. 

According to the present invention as above 
described, there is provided an economic method 

so and apparatus for measuring blood glucose con- 
centration in a non-Invasive technique, which can 
easily measure the blood glucose concentration by 
putting port of the apparatus to a certain part of the 
human body sight of a blood vessel without using 

55    an equipment, such as a conventional injector. 

Claims 

4 
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1. A method for measuring the concentration of a 
chemical carried in the blood stream including the 
steps of irradiating a blood vessel with a laser 
diode near-infrared light source, detecting with a 
photodetector radiation dispersed or d'rffusedly re- 
flected by the blood in the blood vessel, and an- 
alysing the output of the photodetector to deter- 
mine the concentration, in the step of irradiating the 
blood vessel the vessel being irradiated at a 
wavelength in the range from substantially 1.3jxm 
to substantially 1.9um. 
2. A method according to claim 1 in which the 
chemical concentration measured is blood glucose 
concentration, the method comprising the steps of: 
supplying a power source from a battery to a 
processing means, a digital display, a laser diode 
power supply, a detector and an optical unit by 
means of a power switch; 
controlling said processing means so that said la- 
ser diode power supply gradually applies current to 
said laser diode at a stable voltage and tempera- 
ture by means of start/reset switch; 
controlling said processing means so that a D/A 
converter coupled between said processing means 
and said laser diode power supply converts a digi- 
tal control signal into an electrical control signal; 
emitting a wavelength sufficient for measurement in 
said laser diode by means of said laser diode 
power supply; 
callimating the light emitted from the laser diode 
parallel to a corresponding object, or optically con- 
trolling, separating and combining the light emitted 
from said laser diode; 
irradiating through an integrating sphere said opti- 
cally controlled light to a blood vessel to measure 
blood glucose concentration; 
integrating by means of said integrating sphere the 
light absorbed, dispersed and diffusely reflected by 
the blood after the light reaches the skin to the 
blood; 
transmitting the signal amplified by a preamplifier 
connected to said detector to an A/D converter, 
after converting photons integrated by said inte- 
grating sphere and detected by said detector into 
an electrical analog measurement value the step of 
analysing the output comprising: 
transmitting the signal to said processing means, 
after converting said electrical analog measurement 
value into a digital measurement value by means of 
said A/D converter; 
calculating and computing blood glucose concen- 
tration by comparing a calibration curve stored in 
memory region of said processing means with a 
digital measurement value converted by said A/D 
converter; 
displaying a calculated blood glucose concentration 
on said digital display. 

3. A method for measuring blood glucose con- 
centration according to claim 1 or 2, wherein said 
measurment method is based on physical and 
chemical principles of vibrational motion of blood 

5 glucose molecules in nesr-infrared radiation 
diffuse-reflection laser spectroscopy due to vibra- 
tional, rotational and translation^ motion, utilizing 
overtone vibrations and a combination of other 
types of vibrations. 

io 4. A method for measuring blood glucose con- 
centration accoring to claim 2 or 3, wherein in the 
step of calculating and computing blood glucose 
concentration by comparing a calibration curve 
stored in the memory of said processing means 

75 with a digital measurement value converted by said 
A/D converter, utilizes a mathematical method such 
as a multiple linear regression analysis and a mul- 
tivariate analysis. 
5. An apparatus for measuring blood glucose con- 

20    centration comprising; 
processing means for controlling the flow of current 
supplied from a laser diode power supply to a laser 
diode so that current is applied gradually and at 
stable voltage and temperature levels, said pro- 

25 cessing means for calculating and computing blood 
glucose concentration by comparing and electrical 
analog measurement value detected and converted 
by a detector with a calibration curve stored in a 
memory of said processing means; 

30 a D/A converter for controlling the laser diode pow- 
er supply by converting a digital control signal to 
an analog control signal, wherein said laser diode 
power supply applies a power source to said laser 
diode as a. light source for blood glucose con- 

35 centration measurement, and said laser diode con- 
sisting of a plurality of diodes for emitting light of 
different wavelengths or emitting light of the same 
wavelengths, In accordance with the current sup- 
plied from said laser diode power supply; 

40    a temperature controller which controls the tem- 
perature of said laser diode, said temperature con- 
troller being connected between said laser diode 
power supply and said laser diode; 
an optical unit which collimates light emitted from 

45    said laser diode parallel to corresponding object 
and optically controls, separates or combines the 
light emitted from said laser diode; 
an integrating sphere which integrates light dis- 
persed and diffusely reflected from the blood by 

50    irradiating light controlled by said optical unit to the 
skin of a diabetics as a measurement part; 
a detector which amplifies a signal by means of a 
preamplifier connected its own after converting 
photon integrated by said integrating sphere into 

55    an electrical analog measurement value; and 
an A/D converts said electrical analog measure- 
ment vaJue into a digital measurement value; and 
a digital display for displaying the calculated and 
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computed blood glucose concentration. 
6. An apparatus for measuring blood glucose con- 
centration according to claim 5, wherein the 
wavelength of the electromagnetic radiation emitted 
from said laser diode is in the near-infrared region, s 
and is 1.3 to 1.9um among others, and more 
particularly, is 1.4 to 1.8um, and 
the light emitted from said laser diode simulta- 
neously irradiates the blood through the skin, or 
sequentially irradiates the blood through the skin. 10 
7. An apparatus for measuring blood glucose con- 
centration according to claim 5 or 8, wherein said 
integrating sphere is globular or like shape, ova! or 
half oval or different shape, and 
said integrating sphere has a width, length and 75 
height under 2.56cmt and is suitable for under 
1.28cm among others, and more particularly, is 
suitable for under 0.64cm, and 
said     measurement     apparatus     has a 
width x length x height under 130rnm x 70mmx 20mm, 20 
and is suitable for under 150mm x75mm x22mm 
among others, and more particularly, is suitable for 
under 130mmx70mmx20mm. 
8. An apparatus for measuring blood glucose con- 
centration according to claim 5, 6 or 7 wherein said 25 
port can be separated from the measurement ap- 
paratus by means of an optic fiber, and the dis- 
tance between port and measurement apparatus is 
100-1,000mm, and is suitable for 500mm among 
others, and more particularly, is suitable for 30 
300mm. 
9. An apparatus for measuring blood glucose con- 
centration according to claim 5, 6, 7 or 8 wherein a 
photo diode is utilized as said detector which de- 
tects photons integrated by said integrating sphere, 35 
and is utilized a Ge detector, and more particularly, 
is utilized a Ge detector coupled to a preamplifier, 
and 
said D/A converter and A/D converter are separated 
from said processing means, or are included in 40 
said processing means, and 
said battery used as a power source is 4.5 to 9V, 
and is suitable for a charging battery of 6V among 
others. 

45 

50 

55 
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